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Task 17: Interaction between metal fission products and TRISO coating materials:
A study of chemical bonding and interdiffusion
(PI: C. Heske, Department of Chemistry, UNLV;
Graduate Students: G. Gajjala, V. Marepally, T. Hofmann;
Undergraduate Students: J. White, K. George)
•
•
•
•

Further optimization of the experimental set-up: commissioning and optimization
of the UPS mode, installation of a low-energy ion source, optimization of communication between electron spectrometer and measurement electronics
Experimental campaign at the Advanced Light Source, Lawrence Berkeley National Laboratory (3 graduate students, one undergraduate student, PI)
Implementation of fit routines for data analysis, in particular the Doniach-Sunjic
line profile for metal photoemission peaks
Presentation of results at two conferences (G. Gajjala) and one international symposium (PI)

The goal of our project is to investigate interface corrosion processes in TRISO nuclear
fuel particles. For this purpose, we are undertaking a detailed study of the interface formation between potential candidates for metallic fission products (Pd, Ag, and Cs), likely
to diffuse from the kernel of the TRISO particles, with the TRISO coating layers. As a
starting point, we are investigating the Pd/SiC interface and will extend our studies to
Ag/SiC during our current summer research campaign. The experimental approach comprises the preparation of metal/SiC interfaces in-situ in our ultra-high vacuum system by
electron-beam deposition. In order to understand the impact of the SiC surface on the interface formation properties, we employ a variety of surface preparation and modification
schemes. In the past quarter, we were able to obtain a specialized low-energy ion source
as a long-term loan from the Hahn-Meitner-Institute, Berlin, Germany. This source (see
Fig. 1), which was successfully installed and commissioned in our ultra-high vacuum system, allows us to clean surfaces from ambient contamination by using a low-energy (50
eV) Ar ion beam, which desorbs the surface contaminants with a minimal amount of
structural damage. The group of the PI has pioneered this approach for chalcopyrite materials, and first tests on other semiconductors, including SiC, are currently under way.

Fig. 1: Picture of the newly-installed low-energy ion source for surface modification.
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After preparation of the interface, we use a variety of spectroscopic methods to analyze
the chemical and electronic properties of the interface and the metal overlayer. Our primary “work horse” is photoelectron spectroscopy, both with X-ray (XPS) and UV (UPS)
excitation. In addition, we perform X-ray emission spectroscopy at the Advanced Light
Source, Lawrence Berkeley National Lab. Examples from these experiments were presented in previous quarterly reports. In the current quarter, we placed significant emphasis on a further detailed analysis of our XPS spectra. As shown in Fig. 2, we have implemented various routines for fitting experimental data with different lineshape profiles.
The Voigt profile (top fit in Fig. 2) is generally the profile of choice for semiconductor
materials (such as SiC), because it involves a symmetric convolution of Gaussian (i.e.,
experimental broadening) and Lorentzian (i.e., lifetime broadening) contributions. Metals, in contrast, are generally best described by an asymmetric Doniach-Sunjic profile
(bottom fit in Fig. 2), which takes electronic excitation into account. At this point of our
analysis, we find that both profiles require the assumption of two different Pd species (for
each spin-orbit split peak in Fig. 2) to achieve a satisfactory description. Furthermore, we
find that the (nominally metallic) Pd monolayer on SiC is best described by Voigt profiles, which indicates a reduced metallicity of the Pd atoms. This corroborates our earlierreported XES results which show a significant charge transfer to the Si atoms of the SiC
substrate near the Fermi edge. Our next experiments will thus focus on a thicknessdependent series to investigate at what Pd layer thickness we begin to observe a purely
metallic behavior.
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Fig. 2: Pd 3d XPS spectrum for a thin (approx. 1 monolayer) Pd film on a SiC(0001) single crystal substrate. The experimenttal spectrum (black line) is shown twice, once analyzed with a Doniach-Sunjic line profile representative of a metal environment (bottom), and once analyzed with a Voigt profile lineshape (top).
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Results from this project were presented in talks by graduate student Goverdhan Gajjala
at the 49th Annual Meeting of the Arizona-Nevada Academy of Sciences (UNLV, April
9) as well as at the American Nuclear Society Student Conference (Ohio State University,
April 16). In addition, the PI discussed some of the data in an invited talk at the International Symposium of Sonderforschungsbereich 508 at the University of Hamburg, Germany, as well as in an internal presentation to visiting groups from Argonne National Lab
and Framatome ANP, Inc.
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